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Resistance training and weightlifting are regarded as safe and effective training methods for 14 
youth. However, no studies have examined the effects of a year-long resistance training 15 
program using weightlifting movements on strength, speed or power. Therefore, the purpose 16 
of this study was to determine the long-term effects of combined resistance training (traditional 17 
strength training + plyometrics) with or without weightlifting movements on motor skill 18 
performance of adolescent males. Fifty-nine males aged 12-14 were matched by maturity and 19 
allocated to a combined resistance training or a combined resistance training with weightlifting 20 
group. Each group completed 28 total weeks of training over an academic year. Pre-, mid- (14 21 
weeks of training) and post-training (28 weeks of training) tests included the Resistance 22 
Training Skills Battery quotient (RTSQ), absolute isometric mid-thigh pull peak force 23 
(IMTPABS) and ratio scaled isometric mid-thigh pull peak force (IMTPREL), countermovement 24 
jump, horizontal jump and 10, 20 and 30 m sprint. Repeated measure analysis of variance 25 
revealed that there were no significant between-group responses, but all variables improved 26 
significantly within-group. Both groups made small-moderate improvements in RTSQ, 27 
IMTPABS and IMTPREL after the first 14 training weeks (d = 0.45 to 0.86), whereas small-28 
moderate improvements in lower body power, upper body power and speed were made after 29 
the second 14 training weeks (d = 0.30 to 0.95). Both groups made small-moderate 30 
improvements in all performance variables after 28 weeks of training. These findings highlight 31 
the importance of establishing movement competency and strength as a foundation for the 32 
subsequent development of power. Furthermore, these findings may help practitioners 33 
understand the time course of certain adaptations following a long-term periodized plan for 34 
adolescent males. 35 
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Resistance training is becoming a widely accepted training method to promote successful long-40 
term athletic development. Common forms of resistance training such as traditional strength 41 
training, plyometric training, weightlifting and a combination of these have been shown to be 42 
safe and effective when performed under proper supervision, and subsequently, are endorsed 43 
by several organizations’ position statements (18-20). A recurring theme surrounding 44 
successful long-term athletic development includes proper progression of training structure, 45 
exercises and intensity taking into account technical competency and biological age (18). 46 
Evidence indicates that a longer training period (> 23 weeks) and higher exercise intensity 47 
(+80% 1 repetition maximum) are most effective in improving strength in young athletes (17) 48 
and are appropriate for boys and girls that display high levels of motor competency. 49 
Specifically, a series of studies on youth soccer players and weightlifters following a two-year 50 
traditional strength training program adhering to these guidelines showed large gains in relative 51 
and absolute squat strength (14), sprint (14) and change of direction performance (15). Despite 52 
the evidence regarding the efficacy of consistent training at the appropriate intensity, different 53 
resistance training programs have not been compared over a longer period of time. 54 
 55 
Training adaptations in youth are generally specific to the type of training performed. For 56 
example, meta-analytical data show that power training improves jump performance more than 57 
strength training, but the latter is more effective in eliciting gains in strength (3). However, the 58 
broader goal of long-term athletic development programs is to promote the improvement of 59 
multiple physical qualities. Specifically, evidence suggests a combined approach that includes 60 
traditional strength training and plyometric training is most effective for improving various 61 




Weightlifting training, which refers to highly technical, explosive multi-joint exercises such as 64 
the snatch, clean and jerk, and their derivatives (22), provides a more specialized form of 65 
resistance training. However, there is limited research that has examined how combining this 66 
mode of training with more traditional resistance training influences long-term athletic 67 
development. Research suggests that the derivatives of the full lifts can serve as a valuable 68 
teaching progression that also provides a similar training stimulus to the full movements (4, 69 
41). One study on young weightlifters (aged 10-15 years) showed absolute and relative snatch 70 
and clean and jerk strength nearly doubled over extended training periods (28.8 ± 4.4 months), 71 
demonstrating the safety and trainability of weightlifting movements when performed under 72 
qualified supervision (4). Training with these movements has been shown to improve jump (5) 73 
and sprint (6) performance compared to traditional strength training after 8 and 12 weeks in 74 
post- and pre-peak height-velocity males, respectively. Peak height velocity refers to the 75 
maximal velocity of growth in height, and typically occurs between age 13.8-14.2 in European 76 
males (25). Due to the paucity of long-term research examining motor skill development, it is 77 
important to determine how motor skill development might be disrupted, or even improved, 78 
using different types of training during periods of maximal growth in height. Therefore, the 79 
purpose of this study was to determine the effects of different long-term training programs that 80 
combine different forms of resistance training with or without weightlifting on motor skill 81 
performance in adolescent male athletes. 82 
 83 
METHODS 84 
Experimental Approach to the Problem 85 
A cluster randomized trial was used to determine the effects of a combined resistance training 86 
(CRT) or a combined approach that included weightlifting movements (CRT&WL) on motor 87 
skill performance in young males (age 12-14) over an academic year (11 months). Boys 88 
enrolled in an athlete development program at their school were matched by maturation, then 89 
5 
 
divided into one of two training groups: CRT or CRT&WL training. The CRT undertook a 90 
combination of strength and plyometric training, whereas the CRT&WL group also completed 91 
strength and plyometric training but replaced some of the strength exercises with weightlifting 92 
exercises. The groups performed their training program twice weekly throughout the academic 93 
year. Once testing weeks and school holidays were accounted for, this allowed for 28 weeks of 94 
training, as shown in Figure 1. All participants were tested pre-, mid- (14 training weeks) and 95 
post-training (28 training weeks) for the following dependent variables: resistance training 96 
skills quotient (RTSQ) (24), absolute (IMTPABS) and relative peak force of the isometric mid-97 
thigh pull (IMTPREL), countermovement jump (CMJ), horizontal jump (HJ), seated medicine 98 
ball throw (SMBT), 10 m sprint, 20 m sprint and 30 m sprint. 99 
 100 
*Figure 1 near here* 101 
 102 
Subjects 103 
Seventy-three male secondary school students (year 9 & 10) aged between 12-14 years were 104 
recruited to participate in this study. To be included in the final analyses, participants were 105 
required to complete at least 70% of the training sessions. Fourteen subjects did not meet this 106 
criterion and therefore 59 subjects were included in the analyses. The participants were 107 
recruited from their school’s athlete development program and each class was matched by 108 
maturity offset (29) then assigned to a CRT (n = 28) or CRT&WL training (n = 31) group. 109 
There were no significant between-group differences at baseline for any of the performance 110 
variables (p > 0.05). All the year 10s (half in each training group) had participated in the 111 
program the year before and all year 9s (half of each training group) were new to the program. 112 
However, resistance training was not included in the program the previous year, so all of the 113 
participants had a resistance training age of less than one year. Subject physical characteristics 114 
are shown in Table 1. Both groups performed the training program as well as their habitual 115 
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physical education curriculum, which included 2-3 hour-long sessions per week inclusive of 116 
physical activities. All participants and parents or guardians were informed about the testing 117 
procedures and provided written informed assent and consent. The study was reviewed and 118 
approved by the Institutional Research Ethics Committee. 119 
 120 
*Table 1 near here* 121 
 122 
Procedures 123 
During each testing week, sessions took place during an hour-long secondary school lesson on 124 
2 non-consecutive days. Session one consisted of collecting anthropometric measures, the 125 
isometric mid-thigh pull, HJ distance, CMJ height and sprint measures and session two 126 
consisted of the Resistance Training Skills Battery and SMBT. The mid- and post-testing 127 
sessions were performed during the same lesson on the same day of the week and at the same 128 
time of day as the pre-testing session. Prior to testing each session, a standardized dynamic 129 
warm-up consisting of bodyweight exercises and submaximal jumping and running was 130 
completed by all participants. After the warm-up, participants completed each test in a 131 
randomized order which was held constant for each subsequent testing session. Participants 132 
performed two trials of each test and the best trial was used for analysis. 133 
 134 
Resistance training skills battery 135 
The Resistance Training Skills Battery provides an assessment of basic resistance training skill 136 
competency using 6 movements: the bodyweight squat, push-up, lunge, suspended row, 137 
standing overhead press, and front support with chest touches (24). Each movement was 138 
performed according to the guidelines from Lubans et al. (24) except the bodyweight squat, 139 
which was performed using a back squat assessment protocol from Myer et al. (30). This 140 
protocol included a wooden dowel across the back which aids upper back engagement and 141 
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prepares athletes for back squatting with external loads, which is more specific to the aims of 142 
the intervention. Each movement was filmed from the sagittal and frontal plane with an iPad 143 
(3rd and 4th generation, Apple Inc., USA) mounted on a tripod set approximately 1 m high and 144 
3 m from the center of the capture area. Video assessments were retrospectively played using 145 
QuickTime Player (version 10.4) and rated according to criteria from Lubans et al. (24) to 146 
determine a resistance training skills quotient (RTSQ), where a higher score is favorable to a 147 
lower score. Test-retest reliability of the Resistance Training Skills Battery has been shown to 148 
effectively rank youth’s RTSQ (ICC = 0.88), while construct validity demonstrated a 149 
significant relationship between RTSQ and muscular fitness, making it a valuable screening 150 
tool for overall motor skill performance. 151 
 152 
Isometric mid-thigh pull 153 
The isometric mid-thigh pull was performed using two portable force plates (Pasco, California, 154 
USA) sampling at 100 Hz and variables were analyzed using custom software. A barbell was 155 
fixed in place and the distance between the bar and force plates was adjusted by raising each 156 
plate on dense, incompressible 1 cm thick rubber mats until the barbell was positioned just 157 
below the hip crease, approximately where the second-pull of a clean starts. Subjects used a 158 
self-selected mid-thigh clean position (knee angle approximately 125-135°). Feet were 159 
approximately shoulder width apart with hands just outside the legs, knees flexed, and torso 160 
upright in accordance with previous research (12). A self-selected position was used because 161 
previous research has shown that differences in knee and hip joint angles during the IMTP do 162 
not influence kinetic variables (7). Once stable in their self-selected position, participants were 163 
instructed to pull as hard and as fast as possible for approximately 3 seconds. Verbal 164 
encouragement was given to all subjects throughout the pull. IMTPABS refers to the highest 165 
force obtained during the pull and was divided by body mass to obtain IMTPREL. Each 166 
participant performed 2 maximal trials with approximately 1 minute rest and the best trial was 167 
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used for analysis. Within-session and between-session reliability of peak force of the IMTP 168 
using this protocol was found to be high in youth males (within-session ICC: 0.97-0.98, CV: 169 
4.1-4.3%; between-session ICC: 0.96, CV: 4.6%) (9). 170 
 171 
Countermovement jump 172 
The CMJ was performed using a linear position transducer (GymAware; Kinetic Performance 173 
Technology, Canberra, Australia) attached to a wooden dowel rod placed across the shoulders 174 
in a back-squat position. The subject was instructed to squat down to a self-selected depth and 175 
jump as high as possible. The jump height was recorded using the GymAware Lite app (version 176 
2.10) on an iPad (3rd generation; Apple, Inc., USA). Each subject performed 2 jump with 177 
approximately 1 minute rest and the best jump was used for analysis. Previous studies have 178 
shown high reliability in CMJ height using linear position transducers (32, 33). 179 
 180 
Horizontal jump 181 
Subjects performed the horizontal jumps with their hands on hips to minimize the effect of arm 182 
swing (2, 45). The trial was discounted if the participant’s hands moved from the hips or the 183 
feet moved upon landing and another trial was allowed. Jump distance was measured to the 184 
nearest cm from the furthest back heel using a tape measure taped to the floor. Each participant 185 
performed 2 jumps with about 1 minute rest and the best jump was used for analysis. Previous 186 
research has shown horizontal jump distance in youth to have a CV of < 10% and ICC > 0.80 187 
in pre-, mid- and post-peak height-velocity youth (27). 188 
 189 
Sprints 190 
The 10 m sprint time was measured in an indoor gymnasium using a wired dual-beam infrared 191 
system (Swift Performance, Australia). Acceleration was measured over 10 m with a stationary 192 
start 50 cm behind the first timing gate. Each participant completed two trials each and the best 193 
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performance was used for analysis. A 30 m sprint, with 20 m and 30 m split times, was 194 
measured outside on an artificial turf surface using a wireless dual-beam infrared system 195 
(SpeedLight; Swift Performance, Australia). Subjects used a stationary start 50 cm behind the 196 
first timing gate. Each participant performed two 30 m sprints with approximately 1 minutes 197 
rest and the best 20 m and 30 m splits were used for analysis. Participants used the same 198 
footwear for each testing session. 199 
 200 
Seated Medicine Ball Throw 201 
The SMBT was used to assess upper body power and was measured to the nearest cm using a 202 
tape measure placed against the wall and taped to the wooden floor of an indoor gymnasium. 203 
Subjects were instructed to sit with their legs straight and back flat against the wall and hold a 204 
4-kg rubber medicine ball at chest level until instructed to throw. A pause at the chest was used 205 
to minimize any momentum or stretch-shortening cycle effects of using a dynamic start. When 206 
instructed, the subject threw the ball as far as possible with their back staying in contact with 207 
the wall. The distance was measured from the wall to where the middle of the ball landed. Each 208 
participant performed 2 throws with about 30 seconds rest and the best throw was used for 209 
analysis. Acceptable within- (r = 0.93-0.94) and between-session (r = 0.88) reliability has been 210 
shown for SMBT distance in youth (10). 211 
 212 
Training Program 213 
Training took place twice per week on nonconsecutive days for 28 weeks of training in total. 214 
Due to the four-term New Zealand academic schedule, training was divided into four training 215 
periods lasting 6-weeks, 8-weeks, 8-weeks and 6-weeks separated by two-week holidays 216 
between terms, as shown in Figure 1. Each 6- or 8-week training block was then divided into 217 
two mesocycles lasting 3 or 4 weeks, respectively. Both groups split each session between 218 
training in the weight room and a field or court, alternating which type of training was 219 
10 
 
performed first. Each group completed the same 3-week introductory mesocycle using 220 
bodyweight exercises only. After the first mesocycle, both training groups completed the same 221 
field-based exercises but followed slightly different resistance training programs. The training 222 
programs were identical in sets and repetitions, but exercise selection differed between the CRT 223 
and CRT&WL groups, as shown in Figure 1. Each participant completed either 2-3 224 
weightlifting movements or similar traditional strength training exercises depending on group, 225 
followed by 2-3 key exercises common to both groups, such as the back squat. The 226 
weightlifting movements followed a top-down approach as suggested by previous literature, 227 
starting from the mid-thigh, or power, position (4, 22). Volume increased from 1-3 sets of 5-228 
12 repetitions in the first 6-week term, to 2-5 sets of 2-4 repetitions in the last 6-week term. 229 
Each exercise was progressed across 3 variations based on exercise complexity and external 230 
load, similar to Meylan et al.’s study using a similar cohort (26). Athletes started each term 231 
with the least complex exercise variation and progressed complexity and external load with the 232 
guidance of the practitioners. Participants also recorded the load used for each set in a training 233 
log, which helped to ensure they were progressively overloading each exercise. Feedback to 234 
ensure technical competency and motivation were given throughout the intervention. Each 235 
training session was supervised by the primary researcher who was a certified strength and 236 
conditioning specialist and held a Sport Performance Coach certification with USA 237 
Weightlifting. A physical education teacher and an exercise science graduate assistant were 238 
also present throughout the study period. A reduced test battery was completed at the end of 239 
term 1 and 3 but did not include all the tests that the pre-, mid- and post-test sessions did and 240 
therefore were not included in the analysis. 241 
 242 
Statistical Analysis 243 
A 2 x 3 repeated-measures analysis of variance (ANOVA) was performed on the absolute 244 
values of height, body mass and maturity offset, as well as the absolute values of 9 performance 245 
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variables to determine the main effects between group (CRT vs CRT&WL) and time (pre, mid, 246 
post). Sphericity was assessed using Maulchy’s Test and the Greenhouse-Geisser adjustment 247 
was applied where this was violated. A Bonferroni post hoc test was used to identify pairwise 248 
differences. Effect size calculations on absolute values were performed using Cohen’s d both 249 
for within-group changes and to examine any effects in the CRT&WL group over and above 250 
effects of the CRT group. In the latter, effect sizes were calculated by the change in mean of 251 
the variables (post-test minus pre-test values) in the CRT&WL group minus the change in the 252 
mean in the CRT group, divided by the pooled SD of both groups. Effect sizes were interpreted 253 
according to Hopkins et al. (13) as follows: < 0.20 trivial; ≥ 0.20 and < 0.60 small; ≥ 0.60 and 254 
< 1.2 moderate; ≥ 1.20 and < 2.0 large; ≥ 2.0 and < 4.0 very large. Effect sizes and percentage 255 
change were calculated in Microsoft Excel (version 16), whereas the repeated measures 256 
ANOVA and tests of sphericity were calculated using Statistical Package for Social Sciences 257 
(SPSS Statistics, version 25). Statistical significance was set at alpha level p ≤ 0.05 for all tests. 258 
 259 
RESULTS 260 
Repeated-measures ANOVA indicated there was a significant time effect for height, mass or 261 
maturity (F(2,86) ≥ 64.417, p ≤ 0.001) but no significant interaction effects between group and 262 
time (F(2,86) ≤ 1.805, p > 0.05). Post hoc analysis confirmed there were no between-group 263 
differences in these variables at pre, mid or post time points (all p > 0.05). These findings 264 
confirm the homogeneity of participants across both groups and time points. When growth 265 
rates across the total intervention period were converted to annual growth rates, height 266 
increased by 6.4 ± 2.9 cm/year for the CRT group and 6.0 ± 2.8 cm/year for the CRT&WL 267 
group, while body mass increased by 6.2 ± 4.2 kg/year and 7.2 ± 3.4 kg/year, respectively. The 268 
average training adherence rates were 84.3 ± 0.1% for the CRT group and 85.2 ± 0.1% for the 269 




There were significant main effects of time for all dependent variables (F(2,86) ≥ 7.628, p ≤ 272 
0.001), but no significant interactions between group and time (F(2,86) ≤ 1.976, p ≤ 0.001). Post 273 
hoc analysis revealed significant within-group effects between at least two time points for all 274 
variables (p < 0.05) except RTSQ for the CRT group, as shown in Figures 2, 3 and 4. However, 275 
the time course of change differed between variables. RTSQ significantly improved pre to mid 276 
and pre to post in the CRT&WL group only (p < 0.05). The IMTPABS significantly improved 277 
pre to mid and pre to post in both groups (p < 0.001), but only mid to post in the CRT group (p 278 
< 0.05), whereas IMTPREL significantly improved pre to mid in both groups (p < 0.01), but 279 
only pre to post in the CRT group (p < 0.001) (Figure 2). Jump and throw measures only 280 
increased significantly from mid to post and pre to post in both groups (p < 0.05) (Figure 3). 281 
Both groups significantly improved 10, 20 and 30 m sprint performance from mid to post and 282 
pre to post (p < 0.01), but only the CRT group significantly improved 20 and 30 m sprint 283 
performance from pre to mid (p < 0.05) (Figure 4). 284 
 285 
*Figure 2, 3 and 4 near here* 286 
 287 
The mean percentage change and within-group effect sizes for the CRT and CRT&WL groups 288 
from pre to mid, mid to post and pre to post are shown in Table 2. When comparing between-289 
group effects from pre to mid, there were small effects for 20-meter sprint, IMTPABS and 290 
IMTPREL in favor of the CRT group (d = 0.22-0.49), whereas there were small effects for CMJ 291 
and RTSQ in favor of the CRT&WL group (d = 0.36 and 0.26, respectively). Comparing mid 292 
to post improvements showed small between-group effects for CMJ in favor of CRT&WL (d 293 
= 0.24), but HJ improvements were in favor of the CRT group (d = 0.23). Pre to post between-294 
group comparisons revealed a small effect in favor of the CRT group for IMTPREL (d = 0.41). 295 




*Table 2 near here* 298 
 299 
DISCUSSION 300 
To our knowledge, this was the first study to compare the effects of a long-term periodized 301 
combined resistance training program with or without weightlifting movements on the motor 302 
skill development of adolescent boys. The findings suggest that performance gains were similar 303 
between both groups, but the pattern of change varied. Movement competency and strength 304 
improved after initial training while power and speed responded positively to the higher 305 
intensities provided in the second half of the training program. The findings also suggest that 306 
movement competency and strength are trainable through periods of the adolescent growth 307 
spurt. 308 
 309 
It was expected that due to the complex and explosive nature of the lifts, including weightlifting 310 
exercises in a combined resistance training program would induce larger gains in movement 311 
competency, strength, power and sprint performance. However, in general, our findings 312 
showed similar gains in strength, power and speed for both training groups. The CRT group, 313 
which had a higher proportion of exercises that allowed for greater external loading, showed 314 
similar increases as the CRT&WL group for strength as measured by IMTPABS and IMTPREL. 315 
The CRT&WL group, which had a higher proportion of high velocity movements, showed 316 
similar improvements to the CRT group in jump, throw and sprint performance. These results 317 
are in contrast to a recent meta-analysis (107 studies) that suggested power training improves 318 
jump performance more than strength training, whereas strength training improves strength 319 
and speed measures more than power training (3). 320 
 321 
Adaptations to specific training types may also be influenced by maturation status (6, 23, 31, 322 
34). Specifically, previous studies in prepubertal children (aged 10-12 years) have found that 323 
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strength, jump and sprint performance improved more after 12-weeks of weightlifting or 324 
plyometric (6) and a high velocity resistance training program (31) than age-matched controls 325 
participating in sports only. Additionally, 6 weeks of plyometric training elicited greater gains 326 
in squat jump and acceleration performance in pre-peak height velocity children (23), whereas 327 
combined (traditional strength training + plyometrics) was most effective for sprint and jump 328 
performance in post-pubertal children (23, 34). Together, the findings of these studies suggests 329 
that more mature children may require a greater neuromuscular stimulus and a variety of 330 
training methods to elicit gains in motor performance (36). Therefore, the age (13.9-14.0 years) 331 
and maturational status (maturity offset = 0.1-0.3) of subjects in the current study might explain 332 
the similar training responses between both groups, as both groups were performing combined 333 
training approaches and had participants pre-, circa- and post-PHV. 334 
 335 
Several factors in the current study may reflect the time course of the motor skill adaptations 336 
observed. The initial gain in resistance training skills and absolute and relative strength, as well 337 
as the delayed gains in sprint, jump and throw performance, may have resulted from the long-338 
term periodized nature of the program. The participants used moderate volume (1-3 sets, 8-12 339 
reps) and bodyweight or light resistance to develop resistance training competency in the first 340 
half of the intervention, which provided sufficient stimulus to induce gains in strength as they 341 
were relatively untrained. Throughout the current study, more complex exercises and greater 342 
external loads were used as the participants increased their technical competency and training 343 
age. This translated into greater gains in sprint, jump and throw performance in the second half 344 
of the training program. Previous research has found similar trends with a long-term periodized 345 
program (38). Specifically, initial increases in back and front squat strength resulted in 346 
improved subsequent sprint performance (38), suggesting that strength may serve as a basis for 347 
power development. The current study showed that relatively low resistance training intensity 348 
may be adequate to stimulate moderate strength adaptations in adolescent boys with a relatively 349 
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low training age. However, in order to promote long-term changes in performance and realize 350 
greater magnitudes of training-induced neuromuscular adaptation, participants will need to 351 
progressively overload and train with relatively higher resistance training intensities (17). 352 
 353 
Another factor that may be responsible for the time course of gains in IMTPABS, IMTPREL and 354 
jump, throw and sprint performance in the current study is a lag between the realization of 355 
strength gains into power performance (8, 40). The larger gains in movement skill and 356 
isometric mid-thigh pull strength after the first 14 weeks of training are likely a result of greater 357 
neuromuscular coordination or mobility and maximal force output, respectively. However, the 358 
rapid rate of force development required for jumping, sprinting and throwing tasks was not 359 
realized until the last 14 weeks of training, when plyometric and resistance training intensity 360 
and complexity was highest. The greater intensity of traditional strength training, weightlifting 361 
and plyometric exercises in the latter half of the intervention may have helped the transfer of 362 
strength to more dynamic activities (e.g. CMJ, horizontal jump and SMBT) due to an increase 363 
in rate of force development via an enhanced neural drive (1). Furthermore, increases in lower-364 
limb muscular pre-activation (21), stiffness and power (37) as children mature may contribute 365 
to the larger gains in jump and sprint performance seen in the second half of the intervention. 366 
The results of this study demonstrate the importance of establishing movement competency 367 
and muscular strength before focusing on power development in youth, as well as the 368 
specificity of adaptations according to the emphasis of training. 369 
 370 
Training age may also contribute to the aforementioned lag effect in power and sprint 371 
performance due to the type of training performed during different stages of development. For 372 
example, previous research has shown that larger strength gains occur during the first year than 373 
the second year of resistance training in adolescent male athletes (38). Furthermore, Till et al. 374 
(42) also found that a group of rugby athletes (age 16-19 years) with a resistance training age 375 
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of 0 or 2 years saw greater annual gains in strength compared to a group with 1 year training 376 
experience. However, the older athletes in that study were likely all post-pubertal and therefore 377 
the results may not translate to an adolescent population. Regardless, this plateau period 378 
between initial and later strength gains may be partially explained by the emphasis of training 379 
during certain stages of development. Practitioners should ensure youth use light resistance and 380 
less complex movements when initially beginning resistance training before progressing to 381 
higher intensity and more complex movements as technical competency is established. The 382 
tests used to assess resistance training skills and strength were relatively new and simple, so 383 
the subjects responded to these novel stimuli more quickly than the more habitual complex 384 
tests involving more habitual activities such as sprinting, jumping and throwing. Therefore, 385 
they essentially have a higher training age for those tests and therefore take longer to respond 386 
to training. More importantly, however, the more complex activities do not respond as much 387 
until training intensity and complexity increase, which primarily occurred in the second half of 388 
the periodized program. 389 
 390 
A limitation to this study is the lack of a control group, as the performance gains were not 391 
compared directly to similar aged subjects that did not complete the training. However, both 392 
groups, whose height, body mass and maturity offset did not differ significantly, were in an 393 
athletic development program and were all required to receive strength and conditioning 394 
support. Therefore, the purpose of this study was to compare responses to different resistance 395 
training programs in the sample population, with the overall dose of training kept similar 396 
between groups. The temporal responses of both groups provide support for the evidence of 397 
training effects beyond that of growth and maturation; while height and body mass improved 398 
at consistent rates between testing sessions, performance outcomes were more phasic and 399 
generally included a period of trivial change and a period of more substantial change. In periods 400 
where training effects were most evident, they are well beyond those expected for growth and 401 
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maturation. For example, in the 14-week mid to post period, CMJ height improved by >10% 402 
and sprint performance by 3-6%. This compares favourably to previous research. Specifically, 403 
in athletic boys aged between 13-17 years old completing plyometric, resistance or combined 404 
training twice a week for between 12-16 weeks, sprint performance has been reported to 405 
improve by 2-6% and CMJ height by 7-9% (16, 28, 39, 44). Even when considering the entire 406 
intervention period and converting to annual rates of improvement, boys in the present study 407 
improved CMJ height by a rate of > 26% per year and sprint performance by > 9% per year. 408 
These annual rates of improvement are well beyond those reported for the CMJ (6.9% per year) 409 
and sprint performance (2.7-3.1% per year) of boys in a talent development program but who 410 
received no resistance training (43). 411 
 412 
The present study aimed to compare the effects of a combined resistance training with or 413 
without weightlifting on the long-term athletic development of adolescent boys. Major findings 414 
revealed largely similar performance gains between both groups. Interestingly, there were clear 415 
differences in the pattern of change across variables. In the first half of the year significant 416 
improvements in movement competency and strength were observed, while in the second half 417 
of the year jump, throw and sprint performance significantly improved. While height and body 418 
mass changed at consistent rates throughout the intervention, the different temporal responses 419 
shown for the performance variables likely aligned to the periodized design of the training 420 
program. Therefore, to effectively make long-term gains in motor skill performance, both 421 
coaches and athletes should trust in a long-term training process and adopt patience when 422 
pursuing long-term goals (11, 18). 423 
 424 
PRACTICAL APPLICATIONS 425 
Strength and conditioning programs that include weightlifting movements can be safely and 426 
effectively integrated within an academic schedule and result in gains in performance which 427 
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supersede growth and maturation changes. Despite the proposed motor control challenges of 428 
learning weightlifting techniques, practitioners should consider the findings of the current 429 
study as evidence of how weightlifting movements can be successfully embedded within the 430 
physical education curricula to promote improvements in motor skill competency and physical 431 
fitness. Arranging the educational schedule into a series of training blocks, practitioners can 432 
effectively theme the delivery of weightlifting movements throughout the academic year to 433 
progressively teach and refine technical competency and enhance muscle strength in early 434 
stages of the year, before seeking adaptations in higher velocity movements in subsequent 435 
blocks. These approaches are in-line with the central tenets of current long-term athletic 436 
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 578 
FIGURE LEGENDS 579 
Figure 1. Annual plan for combined resistance training and combined resistance training & 580 
weightlifting groups. The exercises in bold represent the differences between the groups while 581 
all italicized exercises represent exercises common to both groups. In the daily plans, each row 582 
represents an exercise slot, so taller blocks indicate multiple exercises used for a given 583 
movement. UB = upper body; SL = single leg; H = horizontal; V = vertical; COD = change of 584 
direction; ** = reduced test battery that was not included in analysis. 585 
 586 
Figure 2. A) RTSQ = resistance training skills quotient; B) IMTPABS = absolute peak force of 587 
isometric mid-thigh pull; C) IMTPREL = ratio scaled peak force of isometric mid-thigh pull; 588 
CRT = combined resistance training; CRT&WL = combined resistance training & 589 
weightlifting; * significant within-group difference between time points for CRT group (p < 590 
0.05), ** (p < 0.01), *** (p ≤ 0.001); † significant within-group difference between times points 591 
for CRT&WL group (p < 0.05), †† (p < 0.01), ††† (p ≤ 0.001); error bars represent standard 592 
deviation. 593 
 594 
Figure 3. A) CMJ = countermovement jump; B) HJ = horizontal jump; C) SMBT = seated 595 
medicine ball throw; CRT = combined resistance training; CRT&WL = combined resistance 596 
training & weightlifting; * significant within-group difference between time points CRT group 597 
(p < 0.05), ** (p < 0.01), *** (p ≤ 0.001); † significant within-group difference between times 598 
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points for CRT&WL group (p < 0.05), †† (p < 0.01), ††† (p ≤ 0.001); error bars represent 599 
standard deviation. 600 
 601 
Figure 4. A) 10-meter sprint; B) 20-meter sprint; C) 30-meter sprint; CRT = combined 602 
resistance training; CRT&WL = combined resistance training & weightlifting; * significant 603 
within-group difference between time points for CRT group (p < 0.05), ** (p < 0.01), *** (p ≤ 604 
0.001); † significant within-group difference between times points for CRT&WL group (p < 605 
0.05), †† (p < 0.01), ††† (p ≤ 0.001); error bars represent standard deviation.606 
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Table 1. Subject physical characteristics (mean ± SD).* 607 
  Combined Resistance Training (n = 28) Combined Resistance Training & Weightlifting (n = 31) 
Age (years)  13.9 ± 0.6   14.0 ± 0.5  
Maturity offset (years from PHV)  0.1 ± 0.9   0.3 ± 0.6  
 Pre Mid Post Pre Mid Post 
Height (cm) 165.2 ± 10.11 167.9 ± 10.1 170.2 ± 10.1 167.6 ± 8.1 172.4 ± 7.9 173.4 ± 8.4 
Body mass (kg) 56.4 ± 13.1 59.1 ± 13.4 61.4 ± 13.3 56.7 ± 10.9 60.0 ± 11.7 64.2 ± 12.1 
*PHV = peak height velocity608 
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Table 2. Individual percentage change (mean ± SD) and within-group effect sizes for motor skill performance assessments.* 609 
  Combined Resistance Training Combined Resistance Training & Weightlifting 
 % change Within-group effect size % change Within-group effect size 
 Pre-mid Mid-post Pre-post Pre-mid Mid-post Pre-post Pre-mid Mid-post Pre-post Pre-mid Mid-post Pre-post 
RTSQ 9.08 ± 17.08 0.40 ± 17.17 8.22 ± 17.36 0.45 -0.03 0.38 15.28 ± 27.263 3.91 ± 16.43 18.97 ± 31.55 0.56 0.15 0.74 
IMTPABS 19.69 ± 18.25 7.09 ± 11.85 27.95 ± 22.95 0.53 0.18 0.78 18.65 ± 19.22 2.10 ± 8.43 20.66 ± 18.71 0.71 0.10 0.80 
IMTPREL 14.99 ± 18.69 2.85 ± 10.14 17.96 ± 21.06 0.86 0.16 1.07 13.65 ± 18.45 -3.11 ± 9.57 9.57 ± 16.71 0.67 -0.23 0.47 
CMJ -0.26 ± 16.44 10.52 ± 16.93 9.14 ± 19.64 -0.14 0.55 0.36 3.69 ±16.94 13.98 ± 20.29 17.05 ± 23.41 0.12 0.65 0.80 
HJ 3.44 ± 13.85 6.86 ± 11.27 9.57 ± 11.73 0.17 0.47 0.62 -0.41 ± 8.40 7.63 ± 9.71 6.98 ± 10.95 -0.06 0.58 0.53 
SMBT 2.47 ± 7.32 7.70 ± 7.53 10.14 ± 8.62 0.09 0.30 0.38 0.07 ± 5.82 8.61 ± 6.30 8.62 ± 7.89 -0.01 0.47 0.45 
10 m sprint 0.87 ± 3.89 -4.58 ± 3.08 -6.07 ± 10.96 0.15 -0.95 -0.75 0.42 ± 2.24 -5.19 ± 2.86 -4.79 ± 3.36 0.07 -0.91 -0.83 
20 m sprint -2.18 ± 2.59 -3.18 ± 2.97 -5.30 ± 3.64 -0.41 -0.70 -0.98 -1.23 ± 1.80 -2.78 ± 2.49 -3.98 ± 2.87 -0.20 -0.46 -0.64 
30 m sprint -2.70 ± 3.02 -3.54 ± 3.13 -6.17 ± 3.77 -0.44 -0.71 -0.99 -1.54 ± 2.48 -3.59 ± 2.79 -5.08 ± 3.44 -0.23 -0.54 -0.71 
*RTSQ = resistance training skills quotient; IMTPABS = absolute peak force of isometric mid-thigh pull; IMTPREL = ratio scaled peak force of 610 
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